K[Au(CN) 2 ], Fe(BF 4 ) 2 ·7H 2 O and Zn(BF 4 ) 2 ·7H 2 O were purchased from commercial sources and used as received whereas the synthesis of the bpben ligand was performed as described elsewhere. 1
conductivity. The sample was then introduced into a closed cycle cryostat (Janis-Sumimoto SHI-4.5), which operates between 4 and 300 K and is equipped with a programmable temperature controller (Lakeshore Model 331). The cryostat was introduced into a double beam spectrometer (Varian Cary 5000).
Photoluminescence spectroscopy
The excitation and luminescence spectra were recorded on a Fluorolog 3-22 (Horiba Jobin Yvon), equipped with a water-cooled photo multiplier tube (PMT). A calibration function was applied to account for the wavelength-dependent sensitivity of the photomultiplier tube, the wavelength dependent sensitivity of the photomultiplier tube, the throughput of the analyzing monochromator and the power fluctuation of the xenon lamp. For the ambient temperature measurements a quartz capillary was filled with 5 mg of the 1Fe@pyr or 1Zn@pyr crystals. For the temperature dependence measurements an ensemble of 1Fe@pyr or 1Zn@pyr crystal are deposited in a cooper plate and fixed with silver paste nanoparticles to ensure a good thermal conductivity. The sample was then introduced into a closed cycle cryostat (Janis-Sumimoto SHI-4.5), which operates between 4 and 300 K and is equipped with a programmable temperature controller (Lakeshore Model 331). The cryostat was introduced in the Fluorolog.
Magnetic and Photomagnetic measurements
The variable temperature magnetic susceptibility measurements were carried out by using microcrystalline samples (15-20 mg) of the 1Fe@pyr, using a Quantum Design MPMS2 SQUID susceptometer equipped with a 5.5 T magnet, operating at 1 T and at temperatures from 300-1.8 K.
Experimental susceptibilities were corrected for diamagnetism of the constituent atoms by the use of Pascal's constants.
Differential Scanning Calorimetry (DSC)
Calorimetric measurements were performed using a differential scanning calorimeter Mettler Toledo DSC 821e. Low temperatures were obtained with an aluminium block attached to the sample holder, refrigerated with a flow of liquid nitrogen and stabilized at a temperature of 110 K. The sample holder was kept in a dry box under a flow of dry nitrogen gas to avoid water condensation. The measurements were carried out using around 20 mg of powdered sample sealed in aluminium pans with a mechanical crimp. Temperature and heat flow calibrations were made with standard samples of indium by using its melting transition (429.6 K, 28.45 J g -1 ). An overall accuracy of ±0.2 K in temperature and ±2% in the heat capacity is estimated. The uncertainty increases for the determination of the anomalous enthalpy and entropy due to the subtraction of an unknown baseline.
Single-Crystal X-ray Diffraction
Single-crystal X-ray data were collected with an Oxford Diffraction Supernova diffractometer. In all cases, Mo-Kα radiation (λ = 0.71073) was used. Data scaling and empirical or multiscan absorption corrections were performed. The structures were solved by direct methods with SIR2004 2 and refined by full-matrix least squares techniques on F 2 with SHELXL. 3 Non-hydrogen atoms were refined anisotropically, and hydrogen atoms were placed in calculated positions and refined in idealized geometries (riding model) with fixed isotropic displacement parameters. Relevant crystallographic data, bond lengths and angles for 1Fe@pyr and 1Zn@pyr are gathered in Tables S1-S3. CCDC 1847351-1847353 and 1862017 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre. Figure S3 . Absorption spectra of a single crystal of 1Fe@pyr at room temperature and 10 K in the HS (red) and LS (blue) state respectively (left) and temperature variable absorption spectra of 1Fe@pyr in the cooling mode (right). 
